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This work shows progress towards 
fulfilling NCSP milestones of LANL 
ND1 (Nuclear Data Evaluation and 
Testing).

Thanks to: M.B. Chadwick, M. Devlin, 
K. Kelly, R.C. Little, A. Lovell,               
P. Marini, L. Snyder, J. Taieb, P. Talou. 
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239Pu/235U(n,f) cross sections by niffteTPC were included 
in Neutron Data Standards’ database 

• Deliverable FY21: ”Update fission cross section based on TPC results (from 
239Pu/235U ratio data)” → Snyder et al., to be submitted to NDS. (high-precision 
(n,f) cross-section exp. campaign led by LLNL, executed at LANSCE)

• Deliverable FY20: ”Update fission cross section based on TPC results (from 
238U/235U ratio data)” →  Casperson et al., PRC 97, 034618 (2018)

• Why do these data matter: 
− TPC data employ new type of fission 

detector possibly uncovering systematic 
issues in wealth of previous exp. data 
mostly measured with fission chambers

− High-precision measurement explores 
uncertainty source

(n,f) cross section nu-bar PFNS

Neutron Data Standards . . . NUCLEAR DATA SHEETS A.D. Carlson et al.

V. TABULAR DATA FOR THE NEUTRON
STANDARDS

Tabular data for each of the cross section standards and
the additional cross sections obtained in the cross section
standards evaluation process are given in the Tables XII–
XX. For all the evaluations other than those for the light
element standards, the tabular output is directly from
GMAP. For the 6Li(n,t), 10B(n,α) and 10B(n,α1γ) cross
sections the GMAP output was fitted with EDA code as
described in Sec. A. The tables for those cross sections
were provided as point-wise values from EDA. The H(n,n)
and C(n,n) cross sections had been evaluated using EDA
and the tables are direct output from EDA as point-wise
values.

The evaluation of the 252Cf PFNS obtained from
this work led to only very small changes in the spec-
trum obtained by Mannhart. It is recommended that
the Mannhart evaluation be used for any applications. It
is available at https://www-nds.iaea.org/standards/
ref-spectra/ together with the evaluated 235U ther-
mal prompt fission neutron spectrum. The reference fis-
sion cross sections for 209Bi(n,f), natPb(n,f), 235U(n,f),
238U(n,f) and 239Pu(n,f); and the prompt γ-ray pro-
duction reference Cross Sections for 7Li(n,n’γ) and
48Ti(n,n’γ) will be listed and updated on the site https:
//www-nds.iaea.org/standards/. As noted previously,
the 3He(n,p) cross section was not re-evaluated. The pub-
lication on the 2006 standards [1] contains the 3He(n,p)
evaluation.

The GMAP evaluation estimates a point-wise cross sec-
tion and its uncertainty at energy E using experimental
data in the energy range from E1 to E2. However, for
the 235U(n,f) cross section an integral from 7.8–11 eV
is produced with a node average energy 9.4 eV. The in-
terval corresponding to the node at 0.15 keV starts at
0.1 keV both for 235U(n,f) and 239Pu(n,f) cross sections.
From there on, all intervals are located half-way between
given GMA nodes. The results from 1 keV up to 150 keV
correspond to the average of low resolution experiments.
For the 238U(n,f) cross section below 2 MeV (below the
region where it is a standard) results with a denser grid
are marked by “x” and one corrected point is labelled
by “xx”. Smoothing has been applied for regions where
scatter of data needs to be removed since the standards
should be smooth. For all the tabular data, the values in
the standards energy region are recommended to be used
as standards for measurements. The fitted unsmoothed
values were included into the evaluated ENDF-B/VIII.0
general-purpose files in the standard region.
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239Pu/235U(n,f) cross sections by niffteTPC were included 
in Neutron Data Standards’ database 

• Deliverable FY21: ”Update fission cross section based on TPC results 
(from 239Pu/235U ratio data)” → Snyder et al., to be submitted to NDS.

• Deliverable FY20: ”Update fission cross section based on TPC results (from 
238U/235U ratio data)” →  Casperson et al., PRC 97, 034618 (2018)

• Why do these data matter: 
− TPC data employ new type of fission 

detector possibly uncovering systematic 
issues in wealth of previous exp. data 
mostly measured with fission chambers

− High-precision measurement explores 
uncertainty source

(n,f) cross section nu-bar PFNS

See back-up 
slides.
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239Pu/235U(n,f) niffteTPC data significantly change nuclear 
data > 10 MeV and raise questions about past data.

• TPC intp … TPC data after standard interpolation, 
and normalization procedure.

• TPC org … as reported by niffteTPC collaboration.
• Eval. Without TPC … current standard file.

(n,f) cross section nu-bar PFNS
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niffteTPC exp. results change nuclear data < 10 MeV 
within 0.5% and reduce unc. up to 12%.

To-Do:
• Prepare final report for standards,
• Finalize inclusion with Neutron Data Standards committee,
• Re-visit discussion on previous data > 10 MeV,
• Caveat: TPC data might change during review process.
(n,f) cross section nu-bar PFNS
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239Pu(n,f) nu-bar is being re-evaluated to include new model, 
experimental data, and improve uncertainty estimate.

• Deliverable FY21: “Evaluate PFNS and multiplicity consistently, including angular 
information about prompt neutrons”.

• Co-funded by ASC-PEM-NP.
• Motivation for re-visit:

− Implement CGMF model (talk by Lovell),
− New data by Marini et al. (CEA) from 1-700 MeV, 

unc.: 0.7-1.2%, past data used liquid-scintillator 
technique, these data extracted from PFNS,

− VIII.0 nu-bar unc. likely too small.

(n,f) cross section nu-bar PFNS
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• Plan forward:
− Re-produce previous mean value for consistency,
− Experiments: include new data, better UQ,
− Model: include CGMF.
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We reproduced previous 239Pu(n,f) prompt nu-bar data, got 
more realistic uncertainties and included Marini data.  

(n,f) cross section nu-bar PFNS
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To-Do:
• Some more UQ across 

experiments,
• Include CGMF model,
• Apply to 235U(n,f) nu-

bar.
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239Pu(n,f) PFNS is being re-evaluated to include new model and 
high-impact Chi-Nu (LANL-led) and CEA exp. data.

• Deliverable FY21: “Evaluate PFNS and multiplicity consistently, including angular 
information about prompt neutrons”.

• Co-funded by ASC-PEM-NP.
• Motivation for re-visit:

− Implement CGMF model (talk by Lovell),
− Include high-impact Chi-Nu and Marini (CEA) PFNS (high-precision, large energy-range).

(n,f) cross section nu-bar PFNS

Previous database Additional data

Both data sets were  
taken at LANSCE with 
the Chi-Nu array as part 
of a NNSA/CEA 
collaboration.
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239Pu PFNS by Chi-Nu and CEA distinctly change evaluation.

(n,f) cross section nu-bar PFNS
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New PFNS changes simulated criticality and pulsed-sphere 
neutron-leakage spectra. We will need to counter-balance.

(n,f) cross section nu-bar PFNS

Jezebel Flattop PMI-002

VIII.0 0.998981(8) 0.99978(10) 1.00409 
VIII.0+ new PFNS 
(VIII.0 nu-bar + cs!)

0.99782(8) 0.99756(10) 1.00495(12)
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Summary

• 239Pu/235U(n,f) niffteTPC data included into 
standards.

• 239Pu(n,f) nu-bar re-evaluated with more 
realistic uncertainties and including recent 
CEA data.

• 239Pu PFNS by Chi-Nu and CEA included.

These new exp. data partially change our 
understanding of nuclear data. We will need 
to carefully study benchmark simulations 
once the evaluations are final.

To-Do:
• Inclusion of CGMF model into nu-

bar and PFNS evaluations,
• Include 235U Chi-Nu PFNS,
• 235U(n,f) nu-bar evaluation.
• Benchmarking.

Thank you for your attention!

This work was supported in part by the 
DOE Nuclear Criticality Safety Program, 
funded and managed by the NNSA for the 
Department of Energy. 
We gratefully acknowledge the support of 
the Advanced Simulation and Computing 
(ASC) program at Los Alamos National 
Laboratory.
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239Pu/235U(n,f) niffteTPC data included in standards

Backup (n,f) cross section nu-bar PFNS
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238U/235U(n,f) final niffteTPC data included in standards

Backup (n,f) cross section nu-bar PFNS
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239Pu(n,f) nu-bar data

(n,f) cross section Back-up nu-bar PFNS
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239Pu(n,f) PFNS I

(n,f) cross section nu-bar Back-up PFNS
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239Pu(n,f) PFNS II

(n,f) cross section nu-bar Back-up PFNS
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